
DIRECT M EASURES OF
AVAILABIL ITY AND JUDGMENTS

OF CATEGORY FREQUENCY
D E C I S I O N  R E S E A R C H  • A B R A N C H  OF P E R C E P T R O N I C S

Ruth Beyth-Marom
Baruch Fischhoff

L D C

~ O CT 31 1911

l~~~uv~1J

ADVANCED ~~DECk
~
ION TECHNOLOGY

PQOGQAM
C3  C Y B E R N E T I C S  T E C H N O L O G Y  O FFICE

D E F E N S E  A D V A N C E D  R E S E A R C H  P R O J E C T S  A G E N C Y
Office of Naval Research . Engineering Psychology Programs

DISTRIBUTION STATEMENT A
Approved for public release

Distubufiofl Unli~~t.4



The objective of the Advanced Decision
Technology Program is to develop and transfer

to users in the Department of Defense advanced
management technologies for decision making.

These technologies are based upon research
in the areas of decision analysis , the behavioral

sciences and interactive computer graphics.
The program is sponsored by the Cybernetics

Technology Office of the Defense
Advanced Research Projects Agency and

technical progress is monitored by the Office
of Naval Research — Engineering Psychology

Programs. Participants in the program are :

Decisions and Designs, Incorporated
Harvard University

Percept ronics , Incorporated
Stanford University

The University of Southern California

Inquiries and comments with
regard to this report should be

addressed to:

Dr. Martin A. Tolcott
Director , Engineering Psychology Programs

Office of Naval Research
800 North Quincy Street

Arlington , Virginia 22217
or

LT COL Roy M. Gu(ick , USMC
Cybernetics Technology Office

Defense Advanced Research Projects Agency
1400 Wilso n Boulevard

Arlington , Virginia 22209

The views and conclusions contained in this document are those of the author (s) and should not be interpreted as necessarily
representing the official policies , either expressed or implied , of the Defense Advanced Research Projects Agency or the U.S.
Government. This document has been approved for public release with unlimited distribution.

iIi ..... . A — .__~~ —— ~~. ~±.‘ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~ . ~~~~~~~~~~~~~ . £ . - ~~~~ —~~



- - ‘ ~r~~ ~~~~~~~~~~~~~

TECHNICAL REPORT PTR-1042-77-3

DIRECT MEASURES OF AVAILABILI TY
AND JUDGMENTS OF CATEGORY FREQUENCY

by

Ruth  Beyth-Marom
Hebrew University, Jerusalem

and

Baruch Fischhoff
Decision Research

Sponsored by

Defense Advanced Researc h Projects Agency
ARPA Order No. 3052

Under Subcontract from ~~~~~~~~~~~~~~~

Designs, Incorporated

-~

March 1977 ttils
DU~ ~~~

0 ’ •

DECISION RESEARCH
A B R A N C H  OF PERCEPTR O NICS

1201 Oak Street
Eugene, Oregon 97401

(503) 485-2400



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

j :

SUMMARY

Back ground

For many types of decisions, it is important to know
how many people or objects there are in a particular category

(e.g., the number of possible candidates for a particular

position, or the number of options at an opponent ’s disposal).
In the absence of accurate statistical data, the decision

maker must rely on his or her own judgment for these estimates.

In earlier ARPA-sponsored work, Tversky and Kahneman proposed
that people make such estimates with the aid of the

“availability heuristic;” a category is judged to be large to

the extent that category members are easy to imagine or recall.

In a series of experiments, Tversky and Kahneman showed
that although availability of examples is often a valid

indicator of true category size, it can lead to predictable

errors when factors like vividness affect availability . In

none of their experiments, however , was availability measured
directly. The present studies attempted to fill that gap.

Findings

Although the availability hypothesis was supported by

some of our results, it was also found to be an
oversimplification of the process of estimating category size.

Specifically , for a situation in which category instances were

easily retrieved , availability was a better predictor of

category size estimates than was actual category size. In

that situation, exhaustively listing instances in memory led
to improved estimation. For a second task , however ,
availability did not predict subjective estimates.
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Implications

Several theoretical and applied conclusions may be

drawn from this study.

1. Availability is an important factor in category size

estimation.

2. Research is needed on other factors that supplement or ‘

supplant availability in some situations. (Some

speculations about these factors are advanced in the

t paper.)

3. If one is going to use the availability heuristic, it is

best to use it intensively, that is, to work hard to

exhaust one’s memory for instances before making an

estimate.
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1. INTRODUCTION

Tversky and Kahneman (1973) have proposed that people

evaluate “the frequency of classes or the probability of

events by availability , i.e., by the ease with which relevant

instances come to mind” (p. 207). In a series of nine studies

they showed that although availability is correlated with

ecological frequency , it is also affected by other factors

and can , therefore , lead to systematic biases.

In only two of their nine studies, however , was
availability measured. Experiments 1 and 2 gave subjects

7 seconds to estimate the total number of instances they

.~iould be able to produce from a particular category and then

had them actually produce instances for a period of two

minutes. Subjects ’ short-term estimates proved to be good

predictors of their long-term production. In the remaining

studies , plausible arguments were advanced for why particular

manipulations should aff3ct availability which should , in
turn , produce biased estimates. Although the predicted biases

were observed , availability was not directly measured .

The present investigation explores the use of a

number of direct measures of availability in hope of attaining
a better understanding of how the availability heuristic works.

1-1
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2. METH OD

Thirty-six first-year Hebrew-speaking psychology

majors participated in the present study as partial fulfillment
of course requirements. The entire experiment was conducted in
Hebrew. Each subject was tested individually in a soundproof
room seated at a table beside the experimenter . A cassette

tape recorder rested on the table with the attached microphone
20-30 cm away from the subject and recorded subjects ’ responses.

The following instructions were read by the experimenter who

throughout the experiment remained impassive :

“In the present experiment we are interested
in people ’s ability to retrieve items from their
memory. In some of the questions you will be asked
to retrieve and list various items; the more you
retrieve , the better.”

“In the remainder of the questions you will
be asked to give a numerical answer to questions
whose precise answer you probably do not know.
Therefore , we will ask you to give the numerical
answer which seems to you most likely to be correct.”

In the first part of the experiment, each subject
performed two retrieval tasks , one dealing with names of
countries and one with names of kibbutzim (communal settlements 

- I
in Israel). The order of the two tasks was randomized over

subjects. Instructions for those tasks were as follows:

“There are some 140 countries in the world
(240 kibbutzim in Israel), we will concentrate
on countries (kibbutzim) whose names begin with
one particular letter. We will give you one
letter and you will be asked to list and
simultaneously say aloud all the countries
(kibbutzim) which you can recall whose names
begin with that letter. When you feel that you
can remember no more, tell me. Is everything
clear?”

2— 1
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“Try to list all the names of the countries
(kibbutzim) whose names begin with the letter
START.”

Subjects generally devoted about two or three minutes

to each retrieval ~‘s~z. After giving up, they were asked

whether they had remembered all of the possible instances.

Af ter replying “No” (as all subjects did), each was asked ,

“Of the 140 or so countries (240 or so kibbutzim) how many

do you think begin with this same letter?”

Three initial letters for countries and three for

kibbutzim were used . Letters were chosen so that the true

number of members in the categories varied fairly widely.

The letters used and the true number of members were , for
countries, “Aleph” (19) , “Kuf” (12) , and “Yud ” (5) ; and for

kibbutzim , “Mem ” (31) , “Beit” (15) , and “Hei” (8) . One—third

of the subjects (12) produced instances and such “aided ”

estimates for each of these categories. Following the two

retrieval and aided (after-production) estimation tasks, the

recorder was turned off and subjects were instructed in the

second , “unaided estimation ” task .

“I will now allow you only 5 seconds to
estimate the number of countries or kibbutzim
whose names begin with a certain letter. I will
state the letter. Five seconds later , I will
point to you indicating that your time is up and
you will give me your estimate.”

Each subject made unaided estimates for the two

country and two kibbutz letters for which he or she did not
produce instances. Thus, 12 subjects made unaided estimates

and the remaining 24 made aided estimates for each letter.

2—2
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3. RESULTS

The following information was derived from each

subject ’s responses : (e” unaided (five-second) estimates of

category size; (b) the time betwe’~n the word “START” and

production of the first instance; (c) the number of instances

produced in the first five seconds (the period allotted for

the unaided estimation task); (d) the number of instances

produced overall; and (e) post—production (aided) estimates

of category size. Summaries of these data appear in Table 3-1.

3.1 Countries

Comparing the top row of the table and row a reveals

a substantial bias in unaided estimates of the relative sizes

of the categories. In particular , the “Yud ” category is

judged to be considerably larger than “Kuf” (Z = 2.72,

Mann-Whitney U Test), even though it is actually less than

half the size. This reversal is, however , predicted by either

measure of short-term availability (rows b and c). Subjects

take half as long to produce the first instance of a “Yud ”

country and produce twice as many instances in the first five

seconds. The availability explanation of the bias in estimates

seems even more plausible when the instances included in the

two categories are considered . The five “Yud ” instances

(Israel , Jordan , Japan , Greece , Yugoslavia -- all written in
Hebrew with the same first letter) are much more familiar than

the 12 “Kuf” instances (Cambodia, Cameroun , Canada , Columbia ,

Congo-Brazzaville, Congo—Kinshasa , Costa Rica , Cyprus , Cuba ,

Kenya, Korea, Qatar). However, although “Aleph ” instances

are less available than “Yud ,” by both short—term measures

(rows b and c), “Aleph ” is judged to be a more numerous
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TABLE 3-1

PRODUCTION AND ESTIMATION DATA

COUNTRY AND KIBBUTZ CATEGORIES

Countries Kibbutzim

Letter Aleph Kuf Yud Mem Beit Hei

Actual number in category 19 12 5 31 15 8

a. Median unaided 15 7 11.7 29 23 10
(5-second) estimate
of category size

b. Median time to 1.9 2.9 1.5 4.5 5.7 5.8
produce first
instance (in sec.)

c. Mean number of 1.5 1.1 2.0 0.5 0.4 0.6
instances produced
in first five seconds

d. Median number of 9.5 3.3 5 3.8 4 3
instances produced

e. Median aided 16 10 6.5 15 20 10
(after production)
estimate

3 —2
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category (row a). Clearly, availability is not the only
determinant of judged numerosity .

After exhausting their memories for category instances,
subjects produced considerably more accurate estimates of
category size (row e vs. row a). This superior performance

suggests that at least some of the bias induced by relying
on the availability heuristic can be eliminated by using that

heuristic properly,  i.e., by working hard to see how many
instances are in memory . Note, however , that the order of the
final estimates (row e) is not the order of the number of
instances produced (row d). Again factors other than

availability (at least as measured here) are at work.

3.2 Kibbutzim

Subjects ’ unaided estimates (row a) were generally

quite gcod. Differences in category availability (rows b and

c) were , however , so small here (none being statistically
significant) that it is hard to imagine them serving as the
basis of the discrimination shown in the estimates. In

contrast with the country task , exhaustive listing of
instances produced poorer estimates of category size (row e),

suggesting that hard work alone is not sufficient for accurate

estimation. Although the order of these final estimates was

the same as that of the number of instances produced (row d),
production differences were quite small.

3—3
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4. DISCUSSION

The results indicate that where instances were easily
available , with the country task, unaided estimates of
category size were uncorrelated with actual size, but were
correlated with two direct measures of availability: time
to produce first instance and number of instances in the

first five seconds. In this situation , exhaustively listing

instances in memory lead to improved estimation. In fact

that aided estimates of country category size do not
correlate completely with total production (rows d and e)

indicates that there must be other factors influencing

frequency judgments.

For the kibbutz task, instances were not easily
available; half our subjects were unable to produce any

examples at all within five seconds. Here , short-term
measures of availability (rows b and c) did not correlate

with unaided estimates. The correlation between unaided

estimates and actual category size in this situation must
be taken as further evidence for the influence of factors
other than ease of instance production on frequency
estimates.

Further research is needed to identify these factors.

We suspect that they will prove to be highly situation
specific. Tversky and Kahneman suggested that direct

knowledge of category size (or item frequency) may be stored

in memory , a proposal also advanced by Underwood (1969).

This seems unlikely with the unnatural categories used in

this experiment. A more likely factor is knowledge of the

4—1
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lexicographic structure of the language. For example,

subjects may have known that “Aleph” is a much more popular

ini tial letter than “Yud ” , a factor which could have
tempered their reliance on availability information in the
unaided task (rows a , b and C). Similar use of analytical
information might also explain the accuracy of the unaided
estimates in the kibbutz task , for there are more Hebrew
words beginning with “Mem” than with “Beit,” and more with
“Beit” than with “Hei” .

Even unsuccessful attempts to produce instances may

be informative. Some kibbutz—task subjects reported that the

search process reminded them that there are many kibbutzim
with names of the form “Beit “ (“House of 

_ _ _ _ _

“Beit” being both the name of the letter and the word for

“house”) or of the form “Ha “ (“Ha” being the Hebrew
word for “the”), even though they were not able to produce
any specific instances. Quite possibly “ K u f ”  subjects in
the country task increased their frequency estimates
following the production of relatively few instances
because of a feeling that there were quite a few obscure
countries “in there ” but unretrievable; “Yud” subjects in
the country task may have lowered their unaided estimates

because of the opposite feeling. Such information is

reminiscent of that reported in “tip of the tongue”

experiments (Brown & McNeill, 1966). If this sort of

information is to be considered an aspect of availability,
then that term should be expanded to include the “ease with
which instances almost come to mind.”

One subject for whom the instance—producing strategy

of availability estimation did seem relevant asked for an

extension of the five-second estimation period , begging,
“Just wait until I can think of at least one.”

4—2
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